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“…is the whole integrated collection of physical processes that convert raw materials 
and energy, plus labor, into finished products and wastes in a (more or less) steady-state 
condition. The production (supply) side, by itself, is not self-regulating. The stabilizing 




“…the sum total of the technical and socio-economic processes that occur in cities, 




"Central to the idea of lock-in is that technologies and technological systems follow 
specific paths that are difficult and costly to escape. Consequently, they tend to 
persist for extended periods, even in the face of competition from potentially superior 
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substitutes. Thus, lock-in is said to account for the continued use of a range of 






"A system is defined by a group of elements, the interaction between these elements, 
and the boundaries between these and other elements in space and time. It is a group 




"Material flow analysis (MFA) is a systematic assessment of the flows and stocks of 
materials within a system defined in space and time." (Brunner, P. H. and Rechberger, 
H. "Practical Handbook of Material Flow Analysis". CRC Press 2004 336pp, pg.3.)
Carrying capacity
"An environment’s carrying capacity is its maximum persistently supportable load." 
(Catton, W. (1986). In Rees, W. E. (1996). Revisiting carrying capacity: area-based 
indicators of sustainability. Population and environment, 17(3), 195-215).
Technical life




“Obsolescence is a concept that has dramatically influenced the making of new 
buildings and the destruction of existing building stock in the name of aesthetics, 







“The service life of an asset is the total period during which it remains in use, or ready to 
be used, in a productive process. During its service life an asset may have more than one 
owner”. (OECD, http://stats.oecd.org/glossary/detail.asp?ID=2430).
Remanufacture
“Remanufacturing is defined as a process by which an end of life product is returned 
to an as-new condition with an equivalent warranty”. (B. Walsh PSS for Product Life 
Extension through Remanufacturing_ The Centre for Remanufacturing and Reuse, UK.)
GDP
“GDP corresponds to the cash value of all goods and services produced by the 
economic units in a country within a given period, less the value of the goods used in 
the production process. It is calculated without making deductions for depreciation 
of fabricated assets or for depletion and degradation of natural resources. Data are 
provided at constant 1995 prices. Valuation at constant prices means valuing the 









interconnected parts within it. "Semantic holism denies the claim that all meaningful 
statements about large-scale social phenomena … can be translated without residue 




























































































What are the perspectives for reuse of building products from the housing stock, given 
contextual factors that influence the process chain and reserves?
The Industrial Ecology concept provides a system’s perspective and the foundation 
of this study’s methodological framework to answer the main research question. It 

















































































































































































































































































Hoe kan hergebruik van bouwproducten uit het gebouwenbestand in Nederland 
worden beoordeeld ter ondersteuning van toekomstige implementatie vanuit het 





































































































































































































































































In the past hundred years, “human population increased fourfold while material 


























and processed for construction and operation of buildings and infrastructure account 
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UNEP stated that “…for domestic extraction of materials, the construction industry 
is disproportionally important, as it uses a significant portion of minerals and, in 

















2  “Construction has the highest RMC when considering all types of materials together. Construction also causes 
almost as much extraction of non-metallic minerals, in terms of tonnes of RME per capita (3.1 tonnes per capita), 
as the production of all products requires in terms of extraction of biomass (3.2 tonnes per capita) or extraction 
of fossil energy materials (3.2 tonnes per capita). Construction also ranks highest as product group causing most 
extraction of metal ores. Even for biomass and fossil energy materials, construction is among the five product 
groups with the highest raw material consumption” (Eurostat, 2015)..
3  “Even though this consumption does not always manifest itself in a direct and visible problem, issues like climate 
change, biodiversity loss, and desertification and soil erosion are all linked to extensive material use. More than 30-
50 % (different sources give different numbers) of total material use in Europe goes to housing and mainly consists 
of iron, aluminum, copper, clay, sand, gravel, limestone, wood and building stone. Minerals have the highest share 
of all materials in buildings. Around 65% of total aggregates (sand, gravel and crushed rock) and approximately 





























4  “In central Europe the present extraction rate is projected to become problematic in the near future. The long-
term allocation of land to mineral material extraction, especially within or close to protected landscape zones, 
has led to conflicts. The needs of mineral materials over the next 30 years can only be estimated through models 
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SECONDARY PRODUCT RELEVANT TECHNIQUES APPLICATION




Iron or steel Magnetic separation & melting Steel & iron products









According to the Ellen Macarthur Foundation (2013, pg. 25), “the process of converting 












et al., 2010; Bio Intelligence, 2011). Finally, “there is general global consensus that 
the climate benefits of waste avoidance and recycling far outweigh the benefits from 












“The properties of concrete with recycled aggregates may differ from concrete from natural aggregates”… “large 
inventories carried out by the Dutch CUR organization suggest that recycled mixed aggregates is very well applica-
ble for concrete”. (Pietersen, 2000, pg.3).
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6 Immobilisation with useful application
7 Immobilisation without useful application























“Measures taken before a substance, material or product has become waste that reduces:
 – The quantity of waste, including through the re-use of products or the extension of the life 
span of products;
 – The adverse impacts of the generated waste on the environment and human health; or
 – The content of harmful substances in materials and products”.
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The past decade, in Europe, the Circular Economy (CE) concept has been promoted as 
“essential to deliver the resource efficiency agenda established under the Europe 2020 













targets for waste prevention were designated as follows (Ministerie van Volkshuivesting 
Ruimtelijke Ordening en Milieu VROM, 2010a, pg. 9):
 – “Stimulate waste prevention, in order to dissociate gross national product from total 
waste production. Total waste production must not exceed 68 megatons in 2015 and 
73 megatons in 2021.
 – Use waste as secondary raw materials (the "cradle to cradle" concept) for seven waste 
flows12 so as to reduce pressure on the environment with a 20% reduction in waste for 
each flow.
 – Limit the quantity of waste incinerated or buried, moving from 1.7 megatons in 2007 
to 0 megatons in 2012.”
Despite the developments described above to improve waste management towards 
integrating it with resource management, and that …“ waste prevention is found at the 


















Re-use is “any operation by which products or components that are not waste are used 









Design for Disassembly (DFD)
“Design for disassembly is a useful strategy that can be applied to varying extents to 
increase the future rates of material and component reuse.” The strategy focuses on 
“…reduce resource depletion and species and habitat loss, it can reduce energy use and 






14  “reemploying materials and products in the same use without the necessity for recycling or remanufacture”
15  “Product re-use involves the multiple use of a product in its original form, for its original purpose or for an alter-
native, with or without reconditioning.”
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 – “Straight reuse, possibly by someone else, possibly in a different way.
 – Refurbishment: cleaning, lubricating or other improvement.
 – Repair: rectifying a fault.
 – Redeployment & cannibalisation: using working parts elsewhere.
 – Remanufacturing: the only option that requires a full treatment process – like 






“Technically, “prevention” is not a waste management operation because it concerns 
substances or objects before they become waste. Consequently, obligations under 
waste management legislation (permits and registration, inspections, requirements for 














 – Function: Reuse for original or new function
The European Topic Centre on Sustainable Consumption and Production21 consents 






















20  Reuse… “refers to using wastes as products directly, using wastes after repair, renewal or reproduction or using 
























and organizations such as the NCDO (Nationale Commissie voor internationale 

























26  Interview with Erik van Erne (Stichting Milieunet/ Kringloopnet).
27 "Despite a history of more than 30 years of European waste legislation, Europe is still, regrettably, a long way 




















































32  “So far in the EU, all taxes on virgin materials aim at increasing the use of recycled material, as it is usually 
described in the accompanying procurement. The tax on virgin material, together with good standards and 
certification measures for recycled products creates an economic advantage for recycled products and therefore 
a market demand for their absorption. This type of measure might only indirectly create waste prevention, since 
the recycled products are not taxed. If the raw material tax was combined with a (lower) tax on recycled raw ma-
terials, the consumption of these materials would decrease leading to more efficient materials management and 
waste prevention.“ Assessment of initiatives to prevent waste from building and construction sectors Sustain-
able consumption and production, Environment. Bakas et al., 2011, page 49.
33  The environmental guidelines directed to both demolition companies (as Demolition Assessment Safe and 
Environmentally-BRL SVMS-007 or Vereniging van sloopaannemers Beoordelingsrichtlijn Veilig en Milieukundig 











research and practice of reuse38. In 2010, the Dutch government initiated studies in 
construction waste prevention in projects restricting reuse in three actions (VROM, 
2010b, pg. 14):
 – “creating a market for surplus building material
 – developing new methods to delay the incineration of wood for as long as possible





















(Figure 1.3). According to Schut (2016, pg.7) despite advances, “there is not still a 


























1     hunting and ﬁshing
biological cycles
technical cycles


















Towards the Circular Economy vol. 2, 2013, pg. 24)
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Daugherty et al. (2016, pg. 4) described the supply chain, as “a living, breathing thing, 














these aspects affect the overall performance41 of the practice of product reuse 
combined rather than isolated.
The context described above and in Section 1.3 indicates the need to provide more 










such interactions. According to Dehoust et al. (2010, pg. 66), ”waste reduction cannot 
be solved as an isolated problem. In many areas, it requires a change of framework 









“ecology of construction”_ “the study of the metabolism of buildings species within the 
regulating networks of social, economic, political and physical boundaries (city, region) 




























reuse and “prevention-oriented policy can not be successful without the involvement of 
various stakeholder groups” (Dehoust et al., 2010, pg. 66). Biesta and Burbules (2003, 
pg. 2) further explain:
"If one assumes, for example, that knowledge can provide us with information about 
reality as it "really is" and if one further assumes that there is only one reality, then one 
might conclude that there is eventually only one right way to act. If, on the other hand, 
one believes that the world of human action is created through action and interaction, 
and that knowledge is intimately connected with what people do, then new knowledge 
opens up new and unforeseen possibilities, rather than telling us the one and only 





MRQ. What are the perspectives for reuse of building products from the housing stock, 
given contextual factors that influence the process chain and reserves?






RO1: To identify main characteristics of the supply chain of building products in 
the Netherlands, including critical social, technological and economic factors that 
















develop a dynamic representation (conceptual model) of how building product reuse 
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RQ1. What activities take place in the supply chain of reusing building products that 
characterize the practice in the Netherlands?
RQ2. How do different (technical, social and economic) factors influence the process of 


















RQ 3. Which products (and respective material types) are more prone to be reused in 
the current context in the Netherlands?
Finally, research question 4 focuses on analyzing changes in the building stock in the 
Netherlands as a source of potential products to be reused: 
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Based on literature review, there is a need to provide more evidence on how reuse of building 
products can be evaluated to support systematically implemented in the Netherlands. 
Holistic approach
Theoretical framework converges the study of internal and external relations that inﬂuence 
ﬂows of products for reuse. 
Organizational and socio- economic and 
technological factors. 
RQ1. 
What activities take place in the supply 
chain of reusing building products that 
characterize the practice in the 
Netherlands? 
Evolution of reserves aﬀecting supply of 
reusable products.
RQ2. 
How do diﬀerent (technical, social 
and economic) factors deﬁne the 
process of building products reuse (in 
the Netherlands)? 
RQ 3. 
Which products (and respective material types) are more prone to be reused in the current 
context in the Netherlands?
RQ4. 
How do trends in the built stock aﬀect 
reuse of building products in the 
Netherlands?
Multiple factors( found in RQ1 and RQ2) inﬂuence what products are commercially reusable
MRQ. What are the perspectives for reuse of building products from the housing stock, 




§  1.7 Research relevance
To drive implementation of waste prevention strategies in member states, the 
European Commission suggested that knowledge should be created based on several 
aspects including “the historic and expected future development of material and waste 
flows… potentials to efficiency improvements and ecologic/technological/economic/
social barriers which inhibit improvements on instruments to overcome these barriers 
and their effectiveness…” Also, such knowledge should be developed together with 
stakeholders representing “a broad range of opinions, concerns and interests and 









showing “that a substantial amount of building materials are already being purchased 
at higher rates abroad” (Mulder, 2008, pg. 2). Consequently, it is desirable to improve 
alternatives to increasing waste volumes, and consumption of primary resources.
According to Bohne et al. (2008), “there is a need to discuss future waste management 
strategies, both in terms of growing waste volumes, stricter regulations ambitions, 
as well as a trend for higher competition and a need for professional and optimized 




















Graedel and Allenby (2010, pg. 35), a waste-free concept is “a good starting point, 




for disassembly and re-use. “The final waste goal was therefore not achieved because 
of opposition from product manufacturers and because consumers did not seek 












2008). For Müller (2006, pg. 142), “stocks are becoming the most important resource 
providers, …are important drivers for resource and energy consumption as well as waste 
and emission generation, and …their magnitudes and dynamics are the parts of the 






 – “as an important reservoir of valuable resources,
 – as accumulation of materials that awaits assessment in regard to its significance as a 
resource and as a threat to the environment;
 – as a long-term source of severe pollutant flows to the environment
 – as a challenge for future planners and engineers to design new urban systems.
 – In the future, the location and amount of materials in city stocks should be known. 
Materials should be incorporated into the stock in a way which allows easy reuse and 
environmental control;
 – as an economic challenge to maintain high growth rates, building up even larger stocks, 
and setting aside sufficient resources to maintain this stock properly over long periods of 
time.
 – as a challenge to simulation modelers, who must deal with the complexities of the 
many processes contributing to urban metabolism, including the influence of long-term 
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Sustainable resource management_ Resource consumption & Waste management
General context of Reuse as waste prevention  




Research relevance Chapter 1
Introduction
Testing research approach and presentation of the conceptual model
Discussion & Conclusion Chapter 7
Evaluation and Conclusion
Chapter 4
The Case of ReuseResearch Questions 1 & 2
Understading reusability of building products as consequence 
 of the social economic and technological factors
Chapter 5
Evaluating Reusability of Building ProductsResearch Questions 3
Chapter 2
Methodology
Housing stock dynamics and inﬂuence
Additional information of material ﬂows
Chapter 6
Building Products’s Reserves in the Housing Stock in the Netherlands Research Question 4
Description of existing building product reuse operation in the Netherlands
Description of regulating network inﬂuencing reuse operation 
Social factors







Description of the system’s bounadries




























































































but it is more often “coupled with the analysis of energy, economy, urban planning, 
and the like” (Brunner and Rechberger, 2004, pg. 3). For Baccini, Brunner, and Bader 
(in Brunner and Rechberger, 2004), one of the goals of MFA is to improve resource 
utilization and to control metabolic processes. More broadly, “the term flow is used to 
identify and describe the exchanges of materials between and within activities, systems 







natural reserves or management of waste “that can be sustained indefinitely without 








change through the development and/or implementation of radically innovative 






















Kowalski (2002, pg. 26), Ayres and Kneese’s “contribution became the starting point 










“Using the concept of socio-industrial metabolism thus allows for more comprehensive 
analysis …Embracing such system-wide perspective thus provides a more profound 
insight into the material basis of economies and sets the groundwork for a more 



































resources studies social & economic studies
FIGURE 2.2  Industrial conceptualized in terms of its system-oriented and application-oriented elements 
(adapted from Lifset and Graedel in Ayres, Robert U., and Leslie Ayres, eds., 2002, pg. 11).
Lifset and Graedel (2002, pg. 11) proposed a scheme explaining “the conceptual and 




systems orientation is manifested in several different forms:
 – use of a life cycle perspective,
 – use of materials and energy flow analysis,
 – use of systems modeling, and


















































































“The metabolism approach to cities is a purely biological view, but cities are much 
more than a mechanism for processing resources and producing wastes, they are 










“The changing metabolism of cities” which updated the definition of urban metabolism 
to ‘the sum total of the technical and socio-economical processes that occur in cities, 
resulting in growth, production of energy, and elimination of waste’. It introduces the 



































































































of information flow in models but, in many situations, the information paths can be 

















































the world of nature, evoking Weick (1995) to direct that, “the social world does not behave 
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them with material flows balance, system’s performance, and design. Although these 






















Moreover, qualitative research offers policymakers “a theory of social action grounded 
on the experiences the world view of those likely to be affected by policy or thought to 
























































































































[1]  Overview of existing evidence related to the research question: studies that applied pre-specified methods to 
identify and assess research topics and data analyze regarding these topics.
[2]  Current matters and approaches.
[3] Investigation of different research approaches, data collection and analysis techniques.















agencies: CBS, ABF Research, Syswov, (previous) Ministerie van Volkshuisvesting, 
Ruimtelijke Ordening en Milieubeheer (VROM), Senternovem, Binnenlandse Zaken en 
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metabolism studies have “delivered the most productive approach in terms of 









































resource consumption. “Long term simulation of the material life cycle of buildings… 
point to the so far largely neglected potential of reducing the life cycle material flows 






























et al. (2011b, pg. 327) “the end-of-life phase of buildings has received little scientific 






















Structure Skin Services Space plan
50 50 15 5-7 Duffy 1989
30-300 (typically 60) 20 7-15 3-30 Brand 1994
40 15 3 5-8 Cook 1972
25-125 25 5 5 Kikutake 1977
60-100 15-40 5-50 5-7 Curwell 1996
60 (assumed max. life of building) 20 7-15 3-5 Storey 1995
65 65 10-40 5 Howard 1994
50 (assumed max. life of building) 30-50 12-50 10 Adalberth 1997
40 (assumed max. life of building) 36 33 12 McCoubrie 1996
- 15-30 7-30 - Suzuki 1998
40 (for brick veneer house) 12-30 30-40 8-40 Tucker 1990



































§  3.3 System activity
Brunner and Rechberger (2002) call activity the chain designed to support demand 
created by trend factors:
“An activity is defined as a set of processes and fluxes of goods, materials, energy and 
information serving an essential basic human purpose, such as to nourish, clean, reside, 
or communicate. Hence, the concept of activities allows one to evaluate the design and 
management of entire material flows and stock systems with the objective of meeting 
































Brouwers (1996, pg. 57) indicated that the “average amount of the purchased construction 
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TABLE 3.2  Breakdown of “core” C&D
MILLION TONS RESIDENTIAL NON RESIDENTIAL CIVIL ENGINEERING TOTAL
Construction 650 975 425 2050
Renovation 1825 425 3025 5275
Demolition 975 4425 1175 6575
TOTAL 1999 3450 5825 4625 13900
TOTAL 1993* 3475 7125 7400 18000
Calculated by PRC Bouwcentrum (Symonds et al., 2000)
* Bouwnijverheid, 1999 SBI 93: 45 in http://www.rivm.nl)
















































































































50  “…supply loop is called “closed” or a “closedloop supply chain” if the supply chain that receives the secondary re-
sources produces goods of the original product type, and it is called “open” if the goods are different, sometimes 
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It helps to rationalize “investments in order to benefit from economies of scale and 





































for long residence-time goods as buildings, and “reflects better the understanding 






“forecasting and comparing future input and output flows, studying the influence of 
several parameters on future flows, estimating the present or future stock as well as its 






























































However, “no systematic data gathering on the material composition of products takes 




“PSUTs are constructed in a determined accounting period, usually one year, and for a 
given geographical area, typically a country. …The supply table shows the flows relating 
to the production and supply of natural inputs, products or residuals by different 
economic units or the environment. The use table shows the flows relating to the 
consumption and use of natural inputs, products and residuals by different economic 



































57  “Data acquisition – Developed by measurements, market research, expert judgment, best estimates, interviews 
and hands-on knowledge/ measurement of flows of goods and substances (through market research, expert 



















the future. For Hu (2010, pg.122) “annual stock quantities can be linked to annual 
demand for building service provided to the population, which in turn depends upon 










































pg. 32), “…economic, social, and demographic attributes of society such as population, 







































































 – “Homes remain in use long in general (average more than 75 years);
 – Rented houses are more likely to be demolished compared to owner-occupied housing;
 – Multifamily is relatively more likely to be demolished and in particular the social rented 
sector;
 – For each period there are specific reasons that will conclude in demolition or 
maintenance. Nonetheless, structural issues related to foundations and wood flooring 
together with insufficient thermal or acoustic insulation, moisture problems also lead to 
higher demolition rates compared to other technical matters;
 – The main factors that affect the lifespan of a house are, the structural quality, the size of 




























































The European Commission suggested, “resource consumption and waste streams 
are related to the gross domestic product (GDP) or related to the actual physical 






















“Mapping sources, processes, and transformations, and sinks in a region, offer 






























map is needed to catalog and distribute key information for survival in a dynamic 





Similarly Georgiadis et al. (2005, pg. 351) discussed the “need for holistic modeling 




















describe “sequences of events progressing in time and not mathematical models for 


















Spencer (2002, pg. 309) includes “mapping the range, nature, and dynamics of 









































According to Sterman (2002, pg. 521) “focusing on the process of modeling rather than 
on the results of any particular model speeds learning and leads to better models, better 
policies, and a greater chance of implementation and system improvement.“..."system 
TOC
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dynamics is essentially a learning tool and the 'process' of modeling is often seen as 
more important than the model itself” (Forrester, 1985 in Featherston and Doolan, 
2012, pg. 5).
Moreover, SD models are composed of sequences (or loops) of causes and influences 
(Sterman, 2002).“Behaviorally, linear systems cannot exhibit locally unstable behavior 
and global stability, cannot exhibit bifurcations, endogenous shifts in their modes of 






behavior depends upon rates and levels, unspecified in causal-loop diagrams, universally 
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§  4.1 Organization of the supply chain of used building products in the 
Netherlands
RQ1. What activities take place in the supply chain of reusing building products that 




























waste industry that “include(s) scale increase, consolidations, vertical integration, the 
































































































































“Indeed, reverse logistics, in general forms, start from end users (first customers) where 
used products are collected from customers (return products) and then attempts to 
manage EOL products through different decisions are undertaken including recycling 
(to have more raw materials or raw parts), remanufacturing (to resale them to second 
markets or if possible to first customers), repairing (to sell in the second markets 
through repairing), and finally, disposing of some used parts”.
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§  4.2 Answering research question 1
RQ1. What activities take place in the supply chain of reusing building products that 




























































§  4.3 Predominant technical social and economical factors in the reuse process
RQ2. How do different (technical, social and economic) factors influence the process of 











































land and the United States (Papers from Conseil International du Bâtiment). These three classifications exclude 
leasing plans of buildings and products as presented by Slimbouwen (interview with Remko Zuidema).
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balance on a larger scale. Hemström et al. (2012, pg. 2) concluded that “the supply of 
reused C&D material is limited and varying or non-existing, and initiatives are needed 




















77  Interview with Fred van Ooyen (Van Baal), Jan van Ijken Oude Bouwmaterialen), Robert Barclay (van Liempd).
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Model 1 “More expensive than new”
Recycling fees < Equivalent new products off the shelf < Reuse retail








Model 2 "Cheaper than new"
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and the developers operating renovations in the housing association89. Also according 




Model 3 “More expensive than new” (a variation)
Recycling fees < (Not necessarily equivalent) new products off the shelf ≤ 

















































develop and how to set the production chain94 are key elements are critical elements in 
this business model to recover investments.
Bosman (2014) investigated large-scale manufacturing of new products from used 
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economic crisis in the construction industry since 2008 (van Vliet Sloopwerken and BZN Sloopwerken BV tele-
phone interview).
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TABLE 4.1  Economic factors that help justifying reuse of building product (interview with Van Baal and Shijf Group, 2012).
PAY TO DISPOSE WASTE SELL TO DISPOSE WASTE
Mixed rubble 90 €/ton
Stony material from demolition to crusher 40 €/ton
Secondary gravel for concrete production 10 €/ton





Mixed wood1 25-30€/ton x 4
Wood (to be downcycled in other products)2 3-10€/ton x 4
1  Van Baal
2  Schijf
3  BZN Sloopwerken BV
4  In 2004 it was estimated that 22% of total post- consumer wood in the Netherlands was being utilized in the Netherlands, the 
rest (the rest (almost 1 mill. tons) being exported to energy or board industry (approximately 50% each) in Germany, Belgium, 
Sweden and Italy. “The trade of post consumed wood varied in this year from 20 – 30 Euro per ton air dry for A-quality and 7 – 15 

















































































































102  As reference, “One of the main barriers to the reclamation of construction products in the UK is the lack of 
storage and reprocessing capacity.”… “The government should match its capital investment in recycling with a 
commitment to provide the land and broker the partnerships to establish facilities” (Kay and Essex, 2009, pg. 
32).
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(LSS) technologies and constrained technologies. “The former are cornerstones of a 
sustainable industrial society. The latter are limited in some ways that disqualify them 
from being successfully implemented on the large scale for a long time”.
Therefore, one significant aspect about these two types of technology implementations 
is the high degree of uncertainties regarding the requirement and availability of 




































































































































 in large scale
FIGURE 4.6  Economic factors related to the practice of reuse building products in the Netherlands.






























for education and information among all actors, from the early planning stage” to 
implement construction waste prevention measures in Europe. Similarly, Dehoust, 
et al. (2010, pg.66) concluded that a starting point to tackle waste prevention in 
Germany is to offer information to specific target groups, and that “often there is a lack 
of opportunities to exchange experiences between stakeholders (producers, retailers, 

















































 145 The Case of Reuse
Regarding consumers, despite the increasing number of interior architects and 
designers consuming used products from demolition companies as mentioned in 




























































































 – “Contractors pay less attention to C&D waste reduction;
 – Information of waste exchange is scattered on many different websites; and
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“There are important lessons to take from the DIY retail approach. These include 
a recognizable brand, vibrant interior for a broad base of customers and careful 
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quality control of used products that can inhibit consumer’s will to reuse. This aspect 
will be discussed in the next section.








































































 in large scale
social
















































































































































































 158 Re-use of Building Products in the Netherlands
At the time of this research, there has been no update of the Basisrapportage 





































































 160 Re-use of Building Products in the Netherlands
 – Housing shortage period 1965- 1974






























































contractors using a lot of casual hand labor to large highly capitalized concerns using 





145  “Deconstruction seeks to maintain the highest possible value for materials in existing buildings by dismantling 
buildings in a manner that will allow the reuse or efficient recycling of the materials” (Chini, 2005, pg. 12).
146  Interview Jan Jongert (SuperUse studios).
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for reuse. Restoric and Oude BouwMaterialen mentioned that prewar houses were the 

























150  Interviewed companies: Tristan Frese (Schiff), Jan van Ijken (Oude Bouwmaterialen), Robert Barclay (Van 
Liempd), Fred van Ooyen (Van Baal ).
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3 Technology as (re) condition to reuse products















Poelman (2009, pg. 112) suggested, “facilities should be available to assess and certify 









151  “Practices for virgin materials exist but needs to be adapted for reused materials. Challenges related to quality 
assurance are emphasized in all studied countries and there is thus a basis to work on these issues at EU level 
through industry associations, standardizations bodies and authorities. Incentive structures to stimulate the 
reuse market are also needed. Possible triggers proposed in the interviews are e.g. to include a reuse perspective 
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The concept of “cascade” reuse in this context becomes increasing more attuned 
with activities and processes that associate with the practice of reuse building 




















160  “Cascading is an important option that deserves attention in the quest for deciding the approach that needs to 
be taken to achieve an efficient and sustainable bio-based economy. In this study the concept of cascading is 
explored and it is shown that cascading can contribute significantly to the bio-based economy; between 10 and 
12% of the target emission reduction in the EU of 2,235 Mton CO2 per year in 2030 (compared to 1990) could 
be fulfilled with the cascading options we explored” (Odegard et al., 2012, pg. 7).
161  See cases demonstrated in Annex 4.10 Building components transformed into furniture.
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§  4.4 Answering research question 2
RQ2. How different (technical, social and economical) factors influence the process of 





































































































RQ 3. Which building products (and respective material types) are more prone to be 
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TABLE 5.1  Case studies focused on reuse of building products.


















Addis, 2012 Several materials Design process, supply management and 
technical feasibility









































































































Polyester (several applications) 10.6
Acrylonitrile-butadiene-styrene {pipes} 8.7
Enamel 5.4
Ethylene propylene dipolymer 3.1
Glue water based 2.9
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TABLE 5.4  Used (recovered) wood in tons/a (%) in involved countries of Task VI in BioNorm II plus Sweden and the Netherlands 
according to Merl et al., 2007 in Alakangas E. (ed) (2009).
AUSTRIA FINLAND GERMANY GREECE NETHERLANDS SWEDEN TOTAL EUROPE
(COST E31)
Reuse 38.750 (5) 19.600 (3) 535.143 (2)
Recycling 310.000 (40) 360.624 (48) 906.224 (15) 755.525 (60) 19.600 (3) 10.872 384 
(37)




Landfill 15.500 (2) 7.513 (1) 11.924 (0.2) 19.600 (3) 3.125.083 
(11)
Composting 77.500 (10) 47.696 (1) 19.600 (3) 916.823 (3)
Others, 
unknown













































Product Availability in 
the market or 
reused building 




Lifetime Possible blocking factors
Products derived from housing deconstruction/ renovation (not new)
Wood Joists Common Cascading reuse 
possible




nails, hazardous substances, 
moisture, etc).
Beams Common Cascading reuse 
possible
75 years [2] idem





Scaffolding wood Common Cascading reuse 
possible
- Assessing technical condition of 
wood.
Façade cladding Not Common Cascading reuse 
possible
15-60 years [2] Wood cladding applied in housing 






Not Common Cascading reuse 
possible
75 years [2] -
Timber (frame) Common Cascading reuse 
possible













Not common - 75 years [1] -


















Wood shingles Not common - 15-30 years [2] -












Product Availability in 
the market or 
reused building 




Lifetime Possible blocking factors
Products derived from housing deconstruction/ renovation (not new)
Wood based 
materials















Not common - 30 years [3] -







concrete in situ 
(plywood, coarse 
wood)




[1] Huffmeijer and Damen, 1995.
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Product Availability in 
the market or 
reused building 





Products derived from housing deconstruction/ renovation (not new)
Clay and ceramic 
products







Common Easy to harvest 10-40 [1] years More common from urban 
















Common Potential to be 
























(Claus Asam E-mail) Technical University of Berlin
There are several studies under development focused on increasing secondary content 
in new concrete (Oudejans et al., 2011), which in 2012 was regulated to less than 20% 



































































181  Interviews with Tristan Frese (Restoric _ Schijf Group); Fred van Ooyen (Van Baal); Rob Gort (Bouwcarroussel).
182  http://www.slimbestraten.nl; http://www.twenteklinker.nl; http://www.jvernooy.nl; http://www.reijndersbe-
stratingsmaterialen.nl; http://klinkerconcurrent.nl; http://www.klinkercentrale.nl
183  Interview with Fred van Ooyen (Van Baal) and Jan van Ijken (Oude Bouwmaterialen).
184  Most of aluminum products are derived from commercial buildings, interview with Van Baal.
185  One company was found in the north of the Netherlands_ devriesstenen.nl






Product Availability in 
the market or 
reused building 





Products derived from housing deconstruction/ renovation (not new)
Stony based 
 materials: 
 Concrete and 
natural stones
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concluded, “The current reuse market is constrained by nonfinancial barriers such as 








of deconstruction, limited feasibility of re-fabrication, and limited market demand for 
re-fabricated sections”. According to interviewed companies in the Netherlands, this 
challenge is applicable not only to steel products but all other types of used products. 
Patel, Geyer and Jackson (2004) concluded, “cost savings of reuse are not insignificant” 
and …“at the current state of our analysis, it is inexplicable why there is no automatic, 
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TABLE 5.11  Current reuse of metal based components from the housing stock in the Netherlands.
Material type group Component Availability in the 
market or reused 
building products 
in the Netherlands
Stimulating factors Lifetime Blocking factors
Products derived from housing deconstruction/ renovation (not new)
Metals Tubes, plates and 
bars
Not common Cascading reuse 
possible
- -


















Radiator Common - 25-40 years [1] Complex for cas-
cading. Risk of toxic 
paint, leaks
Windows Not common - 35-75 years [1, 2] -
Doors Not common - 35-50 years [2] -
Lintel Not common - 75-100 years [2]






Although it is 
an appreciated 
component to be 
recovered and sold 
in the market, it 
is not commonly 





Not common Cascading reuse 
possible
- -
Aluminum Window Not very common - 25-75 years [1, 2] -
Door Not very common - 35-50 years [1,2] -
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TABLE 5.13  Typical composition of PVC components (adapted from Prognos, 1994, 1999, Totsch 1990 in Plink et al., 2000).
APPLICATION SHARE OF THE COMPONENTS (WEIGHT %)
PVC polymer Plasticizer Stabilizer Filler Others
Rigid PVC applications
Pipes 98 - 1-2 - -
Windows profiles 85 - 3 4 8
Other profiles 90 - 3 6 1
Rigid films
Flexible PVC applications
Cable insulation 42 23 2 33 -
Flooring (all) 184 72 4 81 2
Synthetic leather 53 40 1 5 1
Furniture films 75 10 2 5 8
























Material type group Product Availability in the 
market or reused 
building products 
in the Netherlands
Stimulating factors Lifetime Blocking factors
Products derived from housing deconstruction/ renovation (not new)
Plastic PVC window Common - 25- 40 years [1] [2] Recommended 
non- original reuse
PVC door Common - 20 years [2]
Vinyl flooring Not common - 10 years [1] -
Plugs/ sockets Not common - 30+ years [4] Complex for cas-
cading
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Product Availability in 
the market or 
reused building 





Products derived from housing deconstruction/ renovation (not new)























Glass wool Common - 75 years [2] -
Rock wool Common 75 years [2] -
PUR Not common - 75 years [2] -
Electric/ 
 electronic cables




































Product Availability in 
the market or 
reused building 





Not available in the reuse market



















Containers of paint, adhesive, sealant or resin
All other hazardous substances
*The list tried to do not focus on architectural salvage as antique articles, but on the most common products.
Package materials were not included in this table.
§  5.7 Answering research question 3
RQ3. Which building products (and respective material types) are more prone to be 





































































Tubes, plates and bars, staircase,
handrail/ fences/ gates, radiator, 
structure beams
Metals
Plastic PVC windows and doors
Insulation
Polystyrene panles, glass wool, rock 
wool
Facade bricks, ﬂooring brocks 




Joist, beams, scaﬀolding wood, 
timber, (frame), various wooden 
ﬂoor types (ﬂoorboards, strip ﬂoor,





























































































Tubes, plates and bars, staircase,
handrail/ fences/ gates, radiator, 
structure beams
Metals
Plastic PVC windows and doors
Insulation
Polystyrene panles, glass wool, rock 
wool
Facade bricks, ﬂooring brocks 




Joist, beams, scaﬀolding wood, 
timber, (frame), various wooden 
ﬂoor types (ﬂoorboards, strip ﬂoor,


















































































Plywood, compo ite doors
Forms for concrete in situ 
(plywood, c arse wood)
Wood




Tubes, plates and bar , staircase,
handrail/ fences/ gates, radiator, 
structure beams
Metals
Plastic PVC windows and doors
Insulation
Polystyr ne panles, glass wool, rock 
wool
Facade bricks, ﬂ oring brocks 




Joi t, beams, scaﬀ l ing wood, 
timb r (frame), various wooden 
ﬂoor types (ﬂoorboards, strip ﬂoor,
 parquet,door , staircase (internal)






























i recycli g/ downcyclinhg/
“lock-in” technology eﬀect

































































































defined as “total number of dwellings withdrawn from the stock due construction whereby the number of 
homes has been reduced”; b) Property Transfer zoning as “the number of dwellings withdrawn from the stock 
due zoning changes”; c) Property Transfer by destruction as “the number of dwellings withdrawn from the stock 
due demolition, fire and / or other disasters”. http://statline.cbs.nl/Statweb/selection/?VW=T&DM=SLN-
L&PA=7413&D1=8-11&D2=1-4&D3=a&HDR=G2&STB=G1,T. Within group “c“, destructions mainly account 
for demolitions, while fire and disaster rates are considered insignificant (Email from Kathrin Becker, Ministerie 




193  “Pattern matching often leads to wildly erroneous inferences about system behavior, causes people to dramat-
ically underestimate the inertia of systems, and leads to incorrect policy conclusions. For example, a stock can 




























































§  6.2 Households per house and population
According to the CBS, the term household is defined as: “One or more persons that 























in Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 2010). In short, in the 
Netherlands, “the sharp growth in the number of households is mainly because more 
and more people are living alone.” 195 Such trend is forecasted to continue until 2050 























of single-person households. …“ the proportion of single-person households aged 65 
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TABLE 6.1  Most frequent building typologies in the Netherlands (Agentschap Nl, 2011c).
Single family Vrijstand
2 onder 1 kap
Rijwoning
















As a result of the comparison between these three reports: Novem, 2001, Senternovem, 






















































































































withdraws in houses built between 1906 to 1930 and 1945 to 1970 with no building 
typology specifications. This dataset from ABF Research, Syswov is compared with the 
dataset provided by VROM and Agentachap Nl (Annex 6.46).The results from these three 
different sources (summarized in Annex 6.46) show Rijwoning built between 1946 and 
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 222 Re-use of Building Products in the Netherlands
 – Construction year +Typology + House Size
Building characteristics related to aesthetics, quality, and size of constructions of the 
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TABLE 6.2   Trends of housing stock activities in the Netherlands influencing material metabolism.
NEW HOUSING  
CONSTRUCTION








was an increase of new 
added rentals (but still 
inferior to private). In 
2009 during the eco-
nomic crisis sharp fall 
of new private added 
to stock.
Withdraw rates in the 
social sector are average 
two times higher as 





the increase of private 
houses input in 1986 
and higher rental with-




surpassing rentals in 
1997, while rentals 












North and in consistent 
decrease, while there 
was a sharp decline in 
new rental houses in 
the West.
Rental withdraws are 
consistently larger than 

















Increase private owned 

















No clear relation 
between yearly changes 
in population or 
households with yearly 
withdraws.
The total housing 
stock grew faster than 
population related to 
faster growth of total 
households. People liv-
ing alone are forecasted 













NEW HOUSING  
CONSTRUCTION
HOUSING WITHDRAW STOCK TREND MATERIAL  
IMPLICATION









of withdraws in the 3 
other regions together.










fastest growth rate of 
one person-households 
was in the South and 
East, with the slowest 
growth in the West. 
Fastest growth in the 
housing stock since 




holds in all regions with 







than all other regions 
together.
= High concentration of 
construction waste in 
the West.
House size




In 2012 and 2013, the 
>150m2 group had the 
smallest percentage 
added and the largest 







new added houses was 
since 1985 was the 4 
rooms type, but it has 
been decreasing and 
increase of new added 
houses with 3 and 2 
bedrooms.
The small (<90m2) size 
houses and the largest 
(>150m2) have shorter 
survivability.
Despite the general in-
crease of house surface 
in the stock, the largest 

















Development by region In 2012 <90m2 was the 
highest percentage new 




of new added 4 and 5 
rooms and increase of 
3 rooms.
In 2012 withdraws 
in the <90m2 house 
size group occurred in 





< 90m2 houses are 
predominant in the 
West , with a small dif-
ference to the 90-119 
m2 category, while in 
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TABLE 6.2   Trends of housing stock activities in the Netherlands influencing material metabolism.
NEW HOUSING  
CONSTRUCTION












tion trends indicated 
increase of new added 
multi family houses and 























and has been increasing 
with a small decrease 
after 2011.





added and withdraws, 
but without significant 
changes in the overall 














NEW HOUSING  
CONSTRUCTION
HOUSING WITHDRAW STOCK TREND MATERIAL  
IMPLICATION
Development by region Yearly percentages of 
new added multi-fam-
ily housing grew in all 









withdraws of single 
family houses in all 
three regions are higher 
than multi family hous-
es between 1998 and 
2012, with exception of 
the West.







period 1998- 2011 in 
all regions. In the West, 










































es between the shares 
of the two typologies 



















fractions of wood and 
ceramic waste in these 
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TABLE 6.2   Trends of housing stock activities in the Netherlands influencing material metabolism.
NEW HOUSING  
CONSTRUCTION











Between 1921 and 
2011, housing with-
draws reached 3 picks: 
in 1940, 1945 and 
2007. In 2007, most 
withdraws were from 
houses built between 




jwoning built between 
1946 and 1965 togeth-
er with Galerij flats built 
before 1966 had the 






built before the Second 
World War. In the 








since the post war peri-
od. In 2013, 19.5% of 
the housing stock was 
built before the Second 
World War, 26% 
between the Second 
World War and 1970, 
43% built between 













Development by region For the houses built 
after 1991, the West 
and East had the high-
est new housing added 
rates.
In all regions, housing 
stock decreased faster 
within the group of 
houses built between 
1945 and 1970. In the 
West, the decrease of 
the housing group built 
before 1944 has been 
high comparatively to 
the housing group built 
between 1945-1970. 









house age group in all 4 
regions was construct-
ed between 1971 and 
1990. The West and 
South regions currently 
have the largest share 
of houses built before 












































































as construction materials, “and a production structure which often counteracts 
regulations for data gathering, contributed to a long term development which 

















































































213 Kerngegevens Bos en Hout in Nederland, 2003, 2004, 2005, 2005, 2006, 2007, 2008, 2009, 2011 in www. 
Probos.nl










 – “wooden frame + plate material: ca. 15 m3
 – outer window frames and door frames: ca. 1,5 m3
 – inner doors and frames: ca. 0,5 – 1 m3
 – any other outer side covering: unknown
Total volume of timber: ca. 15 – 20 m3 




























 – Hout primair (Sawmilling and planing of wood, impregnation of wood)    49
 – Triplex ed. (Manufacture of veneer sheets and wood-based panels)    22
 – Fineer/plaat (Manufacture of veneer sheets and wood-based panels)    52
 – Ramen kozijn (Manufacturing of wooden doors, windows and frames)    160
 – Deuren (Manufacturing of wooden doors, windows and frames)    128





in the 1980’s (de Bekker, 1998). However, “in 1995, the market share of wooden 














218 Bouwkennis. “Whitepaper marktomvang deuren.” (2012). Available at: http://www.bouwkennis.nl


























220  E-mail Wim Kramer (Cement & Beton Centrum)
221  E-mail Wim Kramer (Cement & Beton Centrum)
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always available (Vereniging Koninklijke Nederlandse Bouwkeramiek, 2004-2014) and 
therefore, façade and non-façade bricks are combined in this assessment. The market 
share of brick façade in housing construction slightly decreased from 81% in 2002 to 
79% in 2011 (Builtsight_Ontwikkelingen in het gevelmateriaal224).
The total consumption of construction bricks per year showed a critical decrease 
after the economic downturn in 2008 (Annex 6.65). Available data does not discern 
between housing and non-housing nor new housing construction and housing 
renovations, but there are indications that the housing segment is a relevant recipient 









222  “Even when considering that the larger part of the clays is unsuitable for firing, and about one quarter is situated 
below built-up lands or nature preserves, clay is not a scarce resource in the Netherlands and supplies should 
present no problem in the near future” (Van der Meulen et al, 2007).
223  http://www.knb-keramiek.nl/themas/baksteen/veel-gestelde-vragen/kengetallen-baksteenindustrie/
224  E-mail from Arie Mooiman KBN Keramiek (Vereningen Koninklijke Nederlandse Bouwkeramieke)
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231  E-mail from Mic Barendz, Bouw met Staal.
232  E-mail from Mic Barendz, Bouw met Staal
233 Since 2003 the market shares in buildings with 4 and 5 and 6 or more stories started increasing fast. In recent 
years the market shares of 4, 5, 6 and more stories are dropping. The decrease of the "overall" market share is 
largely due to the decrease of market shares of the categories "4 and 5 storeys" and "6 storeys and more" and the 
building types (free-standing) "office buildings" and office space connected to industrial buildings. The categories 
"2 storeys" and "3 storeys" are slightly decreasing (Annex 6.76). The buildings types "education", "other" (a.o. 
care, government, parking) are stable. The market share of "retail" is rising. (Bouw met staal_ e-mail Mic Bar-
endz).
234  E-mail from Mic Barendz, Bouw met Staal.
235  E-mail from Mic Barendz, Bouw met Staal.
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TABLE 6.3  Summary of material trends related with the housing stock.
MATERIAL TYPE PRODUCT TYPES 
RELEVANT TO SUPPLY 
COMMERCIAL REUSE
CONSUMPTION TREND INPUT TIME SPAN OF 
ANALYZED DATA













































tion with new housing 
construction
.Unclear consump-




















































typologies. The highest withdraw rates were in Rijwoning before 1946 and between 
1946 and 1965 (and gallery flats before 1966 not included in the study case). 
Vrijstaand houses had the lowest withdraw rates.






















































 – Window frames  160.000 tons
 – Doors  128.000 tons




























LMA). Conversion factor used: 1 m3 rhe gezaagd naaldhout = 0.7407 m3 gezaagd naaldhout = 0.4070 mt 

























According to Novem (Referentiewoningen Bestaande Bouw, Novem, 2001) and Agentschap Nl, (Voorbeeldwon-
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§  6.11 Answering Research question 4



































































































































lower material per capita




increase concrete , decrease ceramic, apparent 
decrease of wood, apparent decrease of steel
lower wood and ceramic content/ 
higher stony based (and steel)content
higher wood and ceramic content/
increasing stony based content
traditional construction 
(higher wood and ceramic content)
non-traditional construction 
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254  “At present the Second-Hand market is hardly perceived as a sector of its own” (Arold and Koring, 2008, pg. 6).
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Competitive markets for 
disposed materials and products

















































































head of Stichting Millieunet), Oude bouwmaterialen, Komu b.v, Bouwcarrossel and 
Schiff were the most relevant references in the commercialization of use products 
in the Netherlands. Komu b.v., however, ceased its commercial activities during the 








































viable is relevant, because it reiterates the relations discussed in Chapter 3 clustered in 
the economic, social and technological categories.
Finally, the study of the industrial system is a compilation of information collected 
through interviews with practitioners, web sites, and specialists with the guidance of 
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256  “The characterization of material throughput in the accounting phase that can best associate to the analysis of 
product reuse”.
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constant for periodic comparison, and that they include more information regarding 
buildings' physical characteristics. 






























257  “The study of a less generalized (compared to generalized life expectancy) end of life process for residential build-
ings”.
TOC




















































































For Sterman (2002, pg. 521) “all models are wrong and cannot be validated…” because 
the restraint is the actual limiting nature of models. Nonetheless, the confidence of a 
model can be build through multiple dimensions (Radzicki and Tauheed, 2009), by 
indicating usefulness of the model, “on the ongoing comparison of the model against 
all data of all types, and on the continual iteration between experiments with the virtual 
world of the model and experiments in the real world” (Sterman, 2002, pg. 521). All 
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§  7.5 Conclusion and answering the MRQ.
MRQ. What are the perspectives for reuse of building products from the housing stock, 
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ANNEX 1.1  Global CO2 missions and material consumption*




31% Buildings 25% Steel 56% Construction 65% Superstructure
35% Non- structure
10% Substructure









* Based on data from WellMet, 2012 and CementenBeton Centrum, 2012
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ANNEX 1.2  Summary on the experiences on technology of material recycling practices (Tam and Tam, 2006)










































Non-ferrous metal Melt Recycled metal
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ANNEX 1.3  Example of sustainable design strategies that include the concern of resource consumption and waste production
CONCEPT REQUIREMENTS FOR IMPLEMENTING THE CONCEPT
Ecodesign: a promising approach 
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ANNEX 2.1  Scheme of urban metabolism (“The urban metabolism of Brussels, Belgium in the early 1970s.” Duvigneaud and 
Denayeyer- De Smet, 1977)
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ANNEX 2.2  Scheme of industrial metabolism (“What is industrial metabolism?” _ Ayres, R. U. in Allenby, Braden R., and Deanna J. 




































































cultivation & husbandry on private land
hunting, ﬁshing, grazing on common land
mining & drilling










realm of the market
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ANNEX 2.4  Data source for RQ 1, 2, 3
TYPE OF REFERENCE CONTACT PERSON ORGANIZATION DATE/ CONTACT
Experts (USA/ SP) Pablo Rey Basurama pablo@basurama.org
November, 2015
























































Experts (NL) Frans de Haas De Haas en Partners frans@dehaasenpartners.nl
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ANNEX 2.4  Data source for RQ 1, 2, 3
TYPE OF REFERENCE CONTACT PERSON ORGANIZATION DATE/ CONTACT
Experts (NL) Lisanne Dölle Verdraaidgoed lisanne@verdraaidgoed.nl
December, 2012







Experts/ Retailer (BE) Lionel Billiet Rotor billiet.lionel@gmail.com
2013, 2014, 2016
Experts/ Retailer (NL) Jan Swinkels Wonderwall Studios info@wonderwallstudios.com
October, 2012
Expert (NO) Anne Sigrid Nordby Asplanviak AnneSigrid.Nordby@asplan-
viak.no
September, 2013






Retailer (USA) Shannon Goodman Lifecycle Building Center shannon@lifecyclebuilding-
center.org
October, 2012
Retailer (USA) Justin Green Build It Green!NYC justin@bignyc.org




















Academic (NL) Ton Kowalczyk (former TUDelft) ton.kowalczyk@architectu-
uratelier.nl
May, 2012
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ANNEX 2.4  Data source for RQ 1, 2, 3
















Experts (NL) Duzan Doepel Doepel Strijkers Architects dommele@sublean.nl
July, 2009




Waste management (NL) Arnold Rolsma LMA - Agentschap NL arnold.rolsma@rwsleefom-
geving.nl
May, 2013
Waste management (NL) Maarten Goorhuis NVRD Goorhuis@nvrd.nl
October, 2012
Waste management (NL) Sarah.Ottaway Sita Sarah.Ottaway@sita.co.uk
January, 2013
Waste management (NL) Edwin Schokker Vereniging Afvalbedrijven schokker@verenigingafval-
bedrijven.nl
September, 2012





Waste management (NL) Otto Friebel Van Gansewinkel otto.friebel@vangansewinkel.
com
October, 2011
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ANNEX 2.5  Data source for RQ 4
REFERENCE ORGANIZATION CONTACT/ DATE
Manufacturers and related 
organizations (NL)
Wim Kramer Cemenetenbeton Material input and production 
manufacture










Manufacturers and related 
organizations (NL)
Mic Barendsz Bouwenmetstaal Mic@bouwenmetstaal.nl
September, November, 2012
Manufacturers and related 
organizations (NL)
Andreas Kellert ICDuBo a.kellert@icdubo.nl
October, 2011




Manufacturers and related 
organizations (NL)
Olav Pouw Centrum Hout O.Pouw@centrum-hout.nl
October, 2012






















Manufacturers and related 
organizations (EU)
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ANNEX 2.5  Data source for RQ 4
REFERENCE ORGANIZATION CONTACT/ DATE




Manufacturers and related 
organizations (DK)





























































Manufacturers and related 
organizations (NL)
Hans Koning Metaal Recycling Federatie August 31, 2012
hkoning@mrf.nl














Experts (NL) Rob de Wildt RIGO Rob.de.Wildt@rigo.nl
October, Novemeber, 2012
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ANNEX 2.5  Data source for RQ 4
REFERENCE ORGANIZATION CONTACT/ DATE
Experts (NL) Daniel Tulp W/E Adviseur December, 2012
tulp@w-e.nl






Experts (NL) Frans Hooykaas Stichting Rotterdam Woont f.hooykaas@gmail.com
September, 2012
Experts (NL) Piet Bot Open Lucht Museum P.Bot@openluchtmuseum.nl
August, 2012
Experts (NL) Hans den Otter SYSWOV Hans.denOtter@abf.nl
December, 2012
Experts (NL) Hans den Otter Abf Research Hans.denOtter@abf.nl
December, 2012
Experts (A) Dr. Stefan Giljum SERI stefan.giljum@seri.at
June, 2011
Experts (NL) Arnoud Feijen TNO mail@arnoudfeijen.nl
December, 2012
Experts (NL) Stan A.W. Klerks TNO stan.klerks@tno.nl
April 23, 2010
Experts (NL) André Diederen TNO andre.diederen@tno.nl
December, 2009












Experts (USA) Sam Hamrick Reportlinker.com. news@reportlinker.com
May 27, 2009
Experts (NL) Jos Gootjes SHR j.gootjes@shr.nl
September, 2012







Academic (NL) Harry van Ewijk IVAM hvewijk@ivam.uva.nl
July, 2012
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ANNEX 2.5  Data source for RQ 4
REFERENCE ORGANIZATION CONTACT/ DATE
Academic (UK) Ellen R Grist University of Bath E.R.Grist@bath.ac.uk
October, 2011
Academic (NL) Arjan de Koning Leiden University Koning@cml.leidenuniv.nl
December, 2015
Academic (NL) Voet, Ester van der Leiden University Voet@cml.leidenuniv.nl
July 06, 2011
Academic (NL) Hu, Mingming Leiden University/TUDelft Hu@cml.leidenuniv.nl
July 11, 2012
Academic (NL) Francesco Di Maio - CITG TUDelft February 22, 2011
F.DiMaio@tudelft.nl
Academic (NL) Michiel Haas TUDelft September 29, 2010
m.haas@nibe.org
Academic (NL) Andre F.Thomsen TUDelft A.F.Thomsen@tudelft.nl
April 24, 2013
December 05, 2012
Academic (NL) Frank Koopman TUDelft f.w.a.koopman@tudelft.nl
November 01, 2012
Academic (NL) Hielkje Zijlstra TUDelft H.Zijlstra@tudelft.nl
August, 2012
Academic (NL) Kees van der Flier TUDelft C.L.vanderFlier@tudelft.nl
December 07, 2012
July 04, 2012
Academic (NL) Inge Blom TUDelft I.Blom@witteveenbos.nl
December 18, 2012
Academic (NL) Laure C. M. Itard TUDelft L.C.M.Itard@tudelft.nl
August 15, 2012
Academic (NL) W.W.L.M.WilmsFloet TUDelft W.W.L.M.WilmsFloet@
tudelft.nl
August 03, 2012
Academic (NL) Ype Cuperus TUDelft Y.J.Cuperus@tudelft.nl
October, 2012
Academic (NL) Willemijn Wilms Floet TUDelft w.w.l.m.wilmsfloet@tudelft.nl
October, 2012
Academic (NL) Nico M.J.D.Tillie TUDelft N.M.J.D.Tillie@tudelft.nl
July 06, 2012
Academic (NL) A.Meijer TUDelft A.Meijer@tudelft.nl
December 03, 2012
Academic (NL) Hugo Priemus TUDelft H.Priemus@tudelft.nl
November 16, 2012
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ANNEX 2.5  Data source for RQ 4
REFERENCE ORGANIZATION CONTACT/ DATE
Academic (NL) Frank Koopman TU Delft F.W.A.Koopman@tudelft.nl
November, 1, 2012
Academic (NL) Bas Mentink TUDelft basmentink@gmail.com
August 03, 2012
Academic (NL) Dominic Stead TU Delft /SUME D.Stead@tudelft.nl
June 04, 2012

























Government agency Sjoerd Schenau CBS s.schenau@cbs.nl
January 15, 2013
Government agency (NL) dr. Roel Delahaye CBS r.delahaye@cbs.nl
2015, 2013
Government agency (NL) dr. Cees P. Baldé, CBS c.balde@cbs.nl
May 18, 2013
Government agency (NL) Arnold Rolsma LMA arnold.rolsma@rwsleefom-
geving.nl
May 13, 2013










Government agency (NL) Bieler, Jim Agentschap NL jim.bieler@agentschapnl.nl
September 20, 2012
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ANNEX 3.1  Houses (according to tenancy and type of building) that have had passed through some kind work in the previous year (in %)*
PRIVATE OWNED SOCIAL RENTAL PRIVATE RENTAL
Institutional investment Private investment
S M S M S M S M
Insulation/ Energy saving 19.8 12.6 12.2 7.9 11.2 8.3 10.9 10.6
Maintenance 55.2 43.3 40.4 32.7 46.5 34.5 41.6 33.7
Structural repair 23.7 20.8 17.3 13.3 19.4 13.1 20.4 18.9
New  facilities 18.7 12.3 8.2 5.1 8.8 5.3 8.1 5.8
Aesthetic improvements 18.6 14.2 7.9 5.0 7.7 5.9 9.8 6.4
Communal - 32.5 - 21.0 - 23.6 - 20.7
* (WBO 2002 in Meijer and Thomsen, 2006).


























1  Regulations about sound and fire insulation in houses increased the consumption trend of concrete based materials substitut-
ing wood flooring and pillar foundations that coincided with high demand of low cost housing during the post war as previously 
explained (Intron and Rigo, 2006). “In the coming years, government policy will increasingly focus on energy-saving measures, with 
the objective of reducing CO2 emissions, making responsible use of materials and improving the internal conditions of housing for 
occupants”. (Itard et al., 2008). “The goal is to set up an estimation method for the environmental costs and investments Dutch 
households make for home improvement regarding to energy efficiency and the environment” (Koppert, 2012).
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Muwi has also been applied in portiek, galerij and single-family houses. From all post war construction methods this was the 
most successful one. It is a stapelbouw system where the structural walls are of hollow light-concrete blocks filled with concrete. 
Originally the facades were internally covered with insulation panels and outside finishing was made with clay bricks. Non-struc-
tural walls were made of 1 floor height prefabricated elements. It is then a combination of stapelbouw, grote elementen and 
traditional construction. Floors were made of prefabricated elements applied on a concrete beam grid.
ANNEX 4.2  Non- traditional housing construction systems in the Netherlands:
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Dura- Coignet. Usually found in mid height buildings between portiek and galerij. Walls and floors are of reinforced concrete. 
Non-structural walls are prefabricated panels. The facade elements are filled sandwich construction. Also the floors are prefab 
elements. Wood frames are casted in the concrete element.
ANNEX 4.3  Constructive detail typical houses built before 1945 housing construction systems in the Netherlands
(Source: Fundering met buitenwand (langsgevel). Energiezuinige renovatie en verbouw Vooroorlogse woningen - bouwperiode ≤ 
1945 pag 21 and Hellend dak met buitenwand (gootzijde eindgevel). Energiezuinige renovatie en verbouw Vooroorlogse woningen 
bouwperiode ≤ 1945 Page 22. Archidat, 2012.)
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ANNEX 4.4  Early postwar housing from 1946- 1964
(Source: Archidat, 2012 pg. 28 and 30.)
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ANNEX 4.5  Housing shortage period 1965- 1974
(Source Archidat 2012 page 36 and 38.)
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ANNEX 4.6  Houses built during the energy crisis 1975- 1991
(Source: Archidat, 2012 page 44 and 46.)
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ANNEX 4.7  Questionnaire
STEP 1:  Choose at least five building groups from the combinations bellow to fill out questionnaire*:
1 Vrijstand
AB. Vrijstand woning (<1964)
    
C. Vrijstand woning (1965-1974)
   
D. Vrjstaandwoning 1975-1991
   
E. Vrjstaandwoning 1992-2005
   
* ex: 2 C= Vrijstand woning 1965-1974
>>>
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ANNEX 4.7  Questionnaire
STEP 1:  Choose at least five building groups from the combinations bellow to fill out questionnaire:
2. Twee onder 1 kap
AB. Twee onder 1 kap (<1964)
C. Twee onder 1 kap 1965-1974
   
D. Twee onder 1 kap 1975-1991
   
E. Twee onder 1 kap 1992-2005
   
>>>
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ANNEX 4.7  Questionnaire
STEP 1:  Choose at least five building groups from the combinations bellow to fill out questionnaire:
3. Rijwoning
A. Rijwoning (<1945)
   
B. Rijwoning (1946-1964)
   
C. Rijwoning (1965-1974)
   
D. Rijwoning (1975-1991)
   
E. Rijwoning (1992-2005)
   
>>>
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ANNEX 4.7  Questionnaire
STEP 1:  Choose at least five building groups from the combinations bellow to fill out questionnaire:
4. Maisonnettewoning
AB. Maisonnettewoning (<1964)
   
C. Maisonnettewoning 1965-1974
   
D. Maisonnettewoning 1975-1991
   
E. Maisonnettewoning 1992-2005
   
>>>
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ANNEX 4.7  Questionnaire
STEP 1:  Choose at least five building groups from the combinations bellow to fill out questionnaire:
5. Galerijwoning
AB. Galerijwoning (<1964)
   
C. Galerijwoning 1965-1974




   
>>>
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ANNEX 4.7  Questionnaire









   
>>>
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ANNEX 4.7  Questionnaire




   
D Flatwoning (1975-1991)
   
E Flatwoning (1992-2005)
   
Images source: Agentschap Nl 2011
>>>
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How  much  from  the  external  envelope  can  be  deconstructed  for  REUSE?  ______________________________________
Ex. 10% of façade bricks; and 15% of bricks from internal wall and 70% of rock wool insulation could be recovered for reuse (in % 






Ex. 1 men/ 2h/ 5m2 = 970kg of brick façade.
>>>
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Ex. 40% of wood from floor structure; 0% lose fill insulation; 80% from wood floor boards covering (in % of each total component 
group or in kg).
How much from the top floors can be deconstructed for reuse? __________________________________________________
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ANNEX 4.7  Questionnaire
STEP 2: Questionnaire
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ANNEX 4.7  Questionnaire




What was in this building? Amount of 
material 
 recovered for 
reuse1





Application Mark a 
cross
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ANNEX 4.7  Questionnaire




What was in this building? Amount of 
material 
 recovered for 
reuse1





Application Mark a 
cross












1 Example: Reuse means that the component can be used again in a new project without recycling.
2 Example: 70% of the total façade
3 Example: Scrap metal facility
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ANNEX 4.8  Average disassembly result of 450 average homes demolition excluding structure (Bouwcarrousel bv, Rob Gort, 2005)
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ANNEX 4.8  Average disassembly result of 450 average homes demolition excluding structure (Bouwcarrousel bv, Rob Gort, 2005)
























ANNEX 4.9  Inventory of reusable material from a gallery flat complex in the Netherlands*
PRODUCTS AMOUNT AVAILABLE PER HOUSE 
(UNITS)
AVERAGE FOR REUSE  
(%)

























* Adapted from Bouwcarroussel, No- Flat Future, VROM, Utrecht, 2007.
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ANNEX 4.10  Reference of cascade reuse cases. Study cases that support findings described in Business model 3*
b. Stavne
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ANNEX 4.10  Reference of cascade reuse cases. Study cases that support findings described in Business model 3*
d. Restoric, Oude bouwmaterialen
    
Jan van Ijken Oude Bouwmaterialen, Emmnes 











1  Interview with Robert Barclay (van Liempd)
2  Interview with Tristan Frese (Restoric)
3  Interview with Lisanne Addink-Dölle,VerdraaidGoed!, 2012
4  Interview with Robert Barclay (van Liempd) talking about old electric sockets as an example.
5  Email from A.S. Nordby
6  Interview with Jan Swinkels (founder of Wonderwall)
7  E.g viridianwood.com/ and Kireiusa.com
* except in the case of Stavne, the information collected was derived from interviews)
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ANNEX 6.10  Evolution of household in the Netherlands (left axis household numbers X1000, right axis number of people per 
household) (CBS)
average household size
private one person household 





















































ANNEX 6.11  Average household in private house (CBS)
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2011 2012 2013
3.71 3.56 3.45 3.21 2.95 2.78 2.54 2.42 2.35 2.3 2.27 2.22 2.21 2.2 2.19
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ANNEX 6.13  Yearly housing withdraws, yearly new added houses compared with yearly population changes*, yearly household 
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more than 1 person household (left axis)
new housing construction (right axis)
total housing stock (left axis)
one person household (left axis)
person p/house (left axis)
housing withdraw (right axis)
ANNEX 6.16  Share householders according to composition in three types of areas in the country in 2010 (in %) (CBS)
CITY
One person household (%) Household without children (%) Household with children (%)
2000 46.3 26.0 27.8
2004 46.8 25.2 28.0
2006 47.4 24.7 27.9
2008 47.6 24.7 27.7
RURAL
One person household (%) Household without children (%) Household with children (%)
2000 27.2 32.4 40.4
2004 28.4 31.9 39.7
2006 29.0 31.8 39.2
2008 29.7 31.8 38.5
OTHER AREAS
One person household (%) Household without children (%) Household with children (%)
2000 26.4 32.7 40.9
2004 27.8 32.4 39.9
2006 28.5 32.4 39.2
2008 29.2 32.6 38.3
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ANNEX 6.17  Household growth compared to housing stock growth between 2000 and 2014 by region (CBS)















North 1 person household 25% 10% 289 604 7% 3.6%
More than 1 person household 3% 493 819
East 1 person household 29% 14% 509 555 11% 7.4%
More than 1 person household 7% 1 018 076
West 1 person household 18% 11% 1 451 971 10% 7.5%
More than 1 person household 7% 2 218 338
South 1 person household 33% 11% 552 722 9% 2.9%







 housing withdraw in three other regions
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ANNEX 6.20  Typical housing plans in the Netherlands through time (de Lange, 2011)
YEAR 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000





40 50 60 65 75 80 90 95 100 110
Persons /
house
8 7 6 5 4.5 4 3.5 3 2.5 2
Surface 
p/person
5 7 10 13 16 20 26 3 40 55
ANNEX 6.21  Surface per house according to construction year (m2) (Rijksoverheid, 2009)
Average 
square meter
<1945 1945-1959 1960-1969 1970-1979 1980-1989 1990-1999 >2000
Single family 148 121 126 140 133 153 162
Multi family 79 70 75 74 71 82 90
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ANNEX 6.22  Main reasons to move to another house 2002-2009 in percentage (Blijie et al., 2009)



























































complete houses 3 rooms
complete houses 5 rooms
complete houses 2 rooms
complete houses 4rooms
complete houses > 6 rooms
complete houses 1 room
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5  or more rooms
1 or 2 rooms
5%
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5 or more rooms
3 or 4 rooms
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ANNEX 6.32  Housing stock evolution by typology (in %) (ABF Research, Syswov)
1985 1990 1995 2000 2005 2010 2011 2012
Stock 
multi-family [%]
30.3 29.7 29.3 29.1 28.9 29.1 29.2 29.3
Stock 
 single-family [%]
69.7 70.3 70.7 70.9 71.1 70.9 70.8 70.7
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ANNEX 6.34  Comparative data according to building typology, construction year and tenancy





















before 1966 before 1966 before 1964













after 1988 1989-2000 1992- 2005
137.500/ 2,2% 204.000 3,2% 178.000 2,6% No demolition rate P 96%
PR 4%
Twee o e Kap
before 1966 before 1966 before 1964






1966 -1988 1966 -1988 1965 -1991
280.000/ 4,5% 301.000/ 4,6% 366.000/ 5,4% No demolition rate +/- P 87%
+/- SR 9%
+/- PR 4%
post 1988 1989 -2000 1992 -2005




before 1966 before 1966 before 1964
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ANNEX 6.34  Comparative data according to building typology, construction year and tenancy
2001 [1] 2007 [2] 2011 [3] STOCK MUTATIONS TENURE [3]
Rijtjes
< 1946 < 1946 < 1945






1946 -1965 1946 -1965 1946 -1964






1966 -1976 1966 -1975 1965 -1974
650.000/ 10,5% 654.000/10% 606.000/9% No demolition rate P 47%
SR 47%
PR 6%
1976 -1980 1976 -1979 1975 -1991






1980 -1988 1980 -1988
540.000/ 8,7% 469.000/ 7% 13.1% withdraw in 6 years or 
2.18% per year
post 1988 1989 -2000 1992 -2005







Before 1966 before 1966 before 1964












na 1988 1989-2000 1992-2005
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ANNEX 6.34  Comparative data according to building typology, construction year and tenancy
2001 [1] 2007 [2] 2011 [3] STOCK MUTATIONS TENURE [3]
Portiek
before 1966 before 1966 before 1964





1966 -1988 1966 -1988 1965-1991
175.000/ 2,8% 179.000/ 2,7% 254.000/3,8% No demolition rate +/-P 17%
+/-SR 71%
+/-PR 12%
post 1988 1989-2000 1992-2005






1966 -1988 1966 -1988 1965-1991









* Red text indicates where disparities occur when comparing three data sources (e.g. housing stock of houses built before 1966 increased rather than decreased 
between 2011 and 2007).
[1] Novem (2001). “Referentiewoningen bestaande bouw.” CE, Delft, The Netherlands.
[2]  Stenternovem (2007). “Voorbeeldwoningen bestaande bouw 2007 “.Ministerie van Economische Zaken. Publicatie, (2KPWB0618).
[3] Agentschap, Nl. (2011)c. Voorbeeldwoningen 2011, Onderzoeksverantwoording. Energie en Klimaat, Sittard.
TOC
 349 Chapter 6








































































 350 Re-use of Building Products in the Netherlands






































































































































 351 Chapter 6






















































































































 352 Re-use of Building Products in the Netherlands















































































































































 353 Chapter 6


























































































































































 354 Re-use of Building Products in the Netherlands
ANNEX 6.40  Average yearly withdraw rates by typology and region 1998- 2011 (in %)(ABF Research, Syswov)

















1998 0.23% 0.54% 0.16% 0.07% 0.11% 0.42% 0.12% 0.16%
1999 0.25% 1.11% 0.17% 0.18% 0.14% 0.33% 0.13% 0.40%
2000 0.20% 0.45% 0.15% 0.17% 0.12% 0.43% 0.11% 0.29%
2001 0.24% 1.70% 0.18% 0.14% 0.13% 0.40% 0.11% 0.34%
2002 0.30% 0.44% 0.21% 0.12% 0.14% 0.45% 0.16% 0.34%
2003 0.28% 0.50% 0.23% 0.16% 0.14% 0.52% 0.14% 0.51%
2004 0.34% 0.45% 0.20% 0.29% 0.15% 0.55% 0.18% 0.46%
2005 0.27% 0.98% 0.13% 0.14% 0.16% 0.63% 0.16% 0.27%
2006 0.29% 0.76% 0.32% 0.32% 0.13% 0.65% 0.20% 0.31%
2007 0.28% 0.61% 0.25% 0.27% 0.13% 0.87% 0.19% 0.37%
2008 0.21% 0.67% 0.29% 0.41% 0.14% 0.61% 0.23% 0.66%
2009 0.22% 0.44% 0.20% 0.68% 0.16% 0.53% 0.14% 0.29%
2010 0.18% 0.40% 0.20% 0.39% 0.11% 0.36% 0.11% 0.49%
2011 0.23% 0.18% 0.15% 0.24% 0.09% 0.44% 0.11% 0.32%
Average 0.25% 0.66% 0.20% 0.26% 0.13% 0.51% 0.15% 0.37%
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1900 - 1950 is characterized 
by the wide use of brick in 




use of reinforced concrete in 
residential construction, which 












Characterization Single family Multi family Single family Multi family Single family Multi family
Average size (m2) 80-120 50-70 70-90 50-70 80-100 -
floor wood wood wood Wood/ceram-
ic/concrete
concrete concrete













No of floors 4 4 5
Façade width (m) 5,1 5,4 5,1 7 5,4 6
Depth (m) 9 19 9 10 9 10
Floor height (m) 2,8 2,8 2,6 2,6 2,6 2,5
Floors 2 1 2 1 2 1
Floor thickness (m) 0,2 0,2 0,25 0,25
Construction walls thickness 
(m)
0,22 0,22 0,22 0,22 0,3 0,25
Façade thickness (excluding 
cavity) (m)
0,23 0,23 0,25 0,25 0,27 0,27
Partition walls (m2) 45,9 27 45,9 35 48,6 30
Roof (m2) 68,85 13,5 68,85 17,5 72,9 12
Housing size (m2) 92 54 92 70 97 60
Volume (m2 X floor height) 257 151 239 182 243 150
Concrete (m3) 3,7 2,8 34,3 59,4
Brick (m3) 37 18 36,3 20,8 14,6 8,1
Limestone (m3) 0 0 0 0 6,8 0
Gypsum (m3) 0 0 0 0 4,4 2,7
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1985 483277 674004 422072 815067 1205611 1223530 465760 0 0
1986 482111 671063 422066 815139 1206322 1223613 563765 0 0
1987 480887 666935 422042 815162 1206994 1223830 667227 0 0
1988 479994 662088 421925 814932 1207703 1224449 777477 0 0
1989 479130 657064 421640 814000 1207512 1224393 895654 0 0
1990 478375 651869 421348 812918 1206585 1224349 1006918 0 0
1991 477933 647081 421068 811405 1206451 1224136 1104174 0 0
1992 477314 642886 421313 810879 1205943 1223200 1104043 82947 0
1993 476747 638349 420733 808808 1204064 1221982 1103238 169058 0
1994 476272 633107 420198 806973 1202428 1221442 1102907 252694 0
1995 476021 628358 419536 804182 1200193 1220698 1102782 340152 0
1996 476573 624298 418840 801773 1198104 1220186 1102464 433807 0
1997 477642 621018 418240 799879 1196915 1219396 1101916 522564 0
1998 470099 618099 420565 799547 1196755 1219828 1101300 614313 0
1999 470453 614409 419740 797484 1195089 1219086 1101267 704831 0
2000 471248 610664 419265 794549 1192328 1217521 1100820 783265 0
2001 472033 607674 418855 791919 1189541 1216470 1100751 853669 0
2002 473033 603737 418040 788281 1185974 1214624 1100031 853128 72884
2003 474244 599759 417350 783632 1183359 1213559 1099668 852979 139516
2004 475672 595186 416644 779901 1178959 1212193 1099265 852701 199060
2005 477898 590508 416040 775327 1174038 1210198 1098324 852170 264216
2006 479673 586304 415443 772032 1169948 1208430 1097753 851791 331031
2007 482488 581636 414078 767078 1165169 1205411 1096738 851239 403209
2008 485080 579089 413778 762867 1161503 1206498 1097884 852544 483969
2009 487697 574396 413254 757510 1155206 1204532 1097217 852213 562493
2010 490208 571337 412696 752266 1150322 1202225 1096423 851852 645107
2011 492535 568228 412103 748784 1146886 1201190 1095848 851536 700693
-0.07% -0.60% -0.09% -0.31% -0.19% -0.07% -0.04% -0.02% 95.71%
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ANNEX 6.46  Highest withdraw rates according to different sources
SOURCE AND DATA RANGE HOUSING TYPOLOGY CONSTRUCTION YEAR STOCK SHARE:
Agentschap Nl (2001, 2007, 
2011c)
Rijwoning 1946- 1965 +- 7% (2011)
Galerij Before 1964 1% (2011)
Ministerie van Binnenlandse 
Zaken en Koninkrijksrelaties, 
2013 (1999-2012)




Not specified 1945- 1970 26.3% (2011)
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ANNEX 6.49  Development of the housing stock according to construction year from 1985 and later in 2010 per region (in %) (ABF 
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ANNEX 6.51  Correlation analysis 1990- 2009 (CBS)
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ANNEX 6.53  Typology and tenancy (extracted from Annex 6.34)
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ANNEX 6.54   Yearly withdraws per region and tenancy and yearly withdraws of rental houses in the West 1995- 2011 (absolute 


















































north private withdraws 
south privatewithdraws
east private withdraws
ANNEX 6.55  Evolution of the housing stock by tenancy and typology, evolution of the one person household group and population 
growth (left axis absolute numbers of houses and absolute number of one person households, right axis X1000 absolute numbers) 
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ANNEX 6.56  Brief description of the building material evolution in period 1840- 2005 (adapted from Piet Bot, 2009 and Symonds 
ARGUS, COWI and PRC Bouwcentrum, 1999)
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ANNEX 6.56  Brief description of the building material evolution in period 1840- 2005 (adapted from Piet Bot, 2009 and Symonds 
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ANNEX 6.57   C&D total evolution and housing and demographic process 1985-2008 (based on data from Hofstra et al., 2006, 


































new housing construction per year
new housing construction (secondary axis)
total housing stock
total C&D (x1000 tons)
population (x1000)

























































clay and Kaolin 
aluminum 
timber primary and processed 
new houses yearly added (R axis)
iron, ored and steel 
limestone, gypsum, chalk, and dolomite 
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Grenen X X X T X X X X X X X X X
Douglas X X X T X X X X X X
Lariks X X X T X X X X X












* Centrum Hout, 2005
ANNEX 6.60  Number of newly built houses and timber-framed houses in the Netherlands in 1980 and 2000*
YEAR NUMBER OF TIMBER TOTAL NEW HOUSES NUMBER OF TIMBER FRAMED 
HOUSES
% OF TIMBER FRAMED 
HOUSES
1980 100.000 5.000 5%
2000 65.000 5.000 8%
* Van der Meulen, et al., 2003
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ANNEX 6.61   Wood consumption (Probos) and housing construction and withdraws from 2003 to 2011 (CBS) (left axis wood 





















total consumption of sawn wood
total consumption of panels
consumption of sawn hardwood




















ANNEX 6.62  Hardwood market share in 2010*
HARDWOOD (TOTAL) % TROPICAL HARDWOOD % TEMPERATE %
Building construction 33 37 23
Infra structure 31 36 18
Furniture and interior 10 3 24
Garden/ do-it-yourself 15 19 7
Packaging 4 0 15
Other s 7 5 13
* Based on Probos, 2011
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1030000 Turf 1 892000 Turf 11 200000 Bosbouw 1
1110200 Aardgas 1 620000 Aardgas 40 812200 Klei 38
1421100 Zand 3 812110 Zand 11298 892000 Turf 11




1422000 Klei 2 812200 Klei 38 1399000 Ov.textl.war 
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* De Boer,1995 in Goverse et al., 2001
ANNEX 6.65  Domestic consumption of construction brick _ average type (million WF_ 1WF= 1,73kg)**
MILLION WF1 1000 TONS NEW HOUSES PER YEAR
1992 1048 1,813.04 86164
1995 886 1,532.78 83689
2000 1044 1,806.12 70650
2005 897 1,551.81 67016
2006 925 1,600.25 72382
2007 1012 1,750.76 80193
2008 968 1,674.64 78882
2009 818 1,415.14 82932
2010 666 1,152.18 82932
2011 639 1,105.47 57703
2012 515 890.95 48668
2013 423 731.79 49311
2014 440 761.20 45170
* Jaarverslag KNB, 2005, 2012 and 2014
1 WF means Waalformaat, measures 21cm x 10cm x 5cm, is the main type of brick used in NL nowadays.
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ANNEX 6.67  Historical cement consumption (million tons) and yearly new added houses (absolute numbers) (Quantitative data of 
the ready mixed concrete industry, ERMCO, 2008; Global Cement, 20121; Hargreaves, 2005; Hostra et al., 2006; Cement & Beton 










early new added houses
cement consumption










































2 E-mail Wim Kramer (Cement and Beton Centrum)
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ANNEX 6.68  Concrete (mix) consumption according to new housing construction divided in low rise and high-rise  
(Cement and Beton Centrum)1
1996 1999 2002 2005 2008 2011
Low rise 67% 65% 61% 54% 60% 40%
High rise 33% 35% 39% 46% 40% 60%
1 E-mail Wim Kramer (Cement and Beton Centrum)
ANNEX 6.69  Consumption of poured concrete (mix) in the housing sector (Cement and Beton Centrum)1
1999: TOTAL CA. 
8.700.000 M3/ 
YEAR
2002: 2005: TOTAL CA. 
8.300.000 M3










Foundation 28% 21% 23% 31% 23%
Ground floor 15% 18% 14% 13% 21%
Upper floor 31% 37% 30% 35% 42%
Walls 14% 15% 16% 15% 7%
Roof 2% 2% 1%
Others including 
mortar
10% 7% 17% 5% 7%
1 E-mail Wim Kramer (Cement and Beton Centrum)
ANNEX 6.70  Concrete-mix consumption (Cement and Beton Centrum)1
GROUND FLOOR UPPER FLOORS WALLS FOUNDATION ROOF OTHER
Low rise 23% 31% 10% 26% 1% 9%
High rise 10% 44% 25% 13% 4% 4%
1 E-mail Wim Kramer (Cement and Beton Centrum)
ANNEX 6.71  Floor applications  (Cement and Beton Centrum, 2007)1
FLOORS GROUND FLOOR (%) UPPER FLOORS (%)
In situ 12 14
Hollow core slab 17 29




1 E-mail Wim Kramer (Cement and Beton Centrum)
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1 E-mail Wim Kramer (Cement and Beton Centrum)
ANNEX 6.73  Facade applications in 2007 (Cement and Beton Centrum)1
ENVELOPE INNER LEAF OUTER LEAF
2000 2006 2007 2007
Lime -silica 73% 57% 63% -
Concrete 10% 17% 19% 1%
30% in situ 60% pre cast 10% block
Cellular concrete - - 2% -
Ceramic - - 6% 97%
Wood - - 10% 1%
Other - - - 1%
1 E-mail Wim Kramer (Cement and Beton Centrum)
ANNEX 6.74  Wall applications in 2007  (Cement and Beton Centrum)1
Walls Housing separating wall Housing walls Inter-
nal 
walls
2000 2006 2007 2000 2006 2007 2007
Lime-
silica
60% 55% 54% 71% 63% 59% 9%
































- - - - - 1% 47%
Sheets - - 2% - - -
Ceramic - - - 8% 16% 14% 5%
Gypsum - - - - - - 36%
1 E-mail Wim Kramer (Cement and Beton Centrum)
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ANNEX 6.75  Market share of steel in multi-family buildings between 1990 and 2009 according to building floor numbers 
(Bowmetsataal, 2010)1
STORES/YEARS 2 3 4/5 ≥6 ≥2 ≥3
90 48 15 5 4 17 7
91 49 18 6 4 19 8
92 49 20 7 5 20 10
93 50 23 9 5 23 12
94 51 23 8 4 25 12
95 51 23 9 3 26 12
96 51 24 11 3 27 14
97 54 28 13 4 29 16
98 58 30 16 6 33 16
99 63 33 16 8 35 19
00 63 38 19 10 35 20
01 64 43 20 11 35 20
02 62 42 22 13 34 22
03 63 38 22 13 33 21
04 60 36 23 15 33 23
05 60 39 26 23 38 28
06 58 42 32 37 44 37
07 57 44 31 47 46 41
08 59 45 25 41 45 37
09 54 42 23 28 39 31
1 E-mail Mic Barendz, Bouw met Staal
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ANNEX 6.76  Share of multifamily completed projects in relation to total new housing construction (prediction 2012, 2013 and 



























new housing (100= 65 314)
% multi family (100= 25%)
housing steel construction 
(100= 46 934)
1 Bouwkennis. “Whitepaper marktomvang Daken.” (2012). http://www.bouwkennis.nl.
ANNEX 6.77  Steel consumption by the housing sector in tons*
YEAR STEEL CONSUMPTION BY THE HOUSING 
SEGMENT TONS















 * Bouwenmetstaal, 2012 and CBS
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1 Glues, coatings and packaging not included
ANNEX 6.79  Houses with insulation application in time (Agenstchap, NL)1
1995 2000 2006 2012
Ground floor 24% 34% 43% 56%
Closed facade 41% 50% 55% 70%
Roof 51% 63% 76% 79%
Glazing 57% 69% 82% 86%
1 https://vois.datawonen.nl/report/cow13_701.html
ANNEX 6.80  Insulation material consumption in Western Europe, 1991*
106 M3/YEAR MILLION TONS/YEAR




* Buttenwieser, C. et al 1993 in Gielen 1997
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ANNEX 6.83  References used for hosing stock characterization according to material content, typology and construction year
HISTORIC ANALYSES (A) ENERGY PERFORMANCE REPORTS (B) OTHER SPECIFIC STUDIES (C)




Blaazer and   van Gessel, 2011 Agentschap Nl, 2011c de Lange, 2011
Oosterhoff, 1990 Itard et al, 2008 van Battum, 2002

















(a) Evolution of building technology in the Netherlands.
(b) Reports focused on energy performance.
(c) Specific studies of focused on segments of the housing stock.
1 http://bouwdetails.bouwformatie.nl/renovatie-verbouw/
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1  Despite the references mentioned above, another report from 1995 that described the housing stock according to building 
technology could not be retrieved from its sources (TNO and RIVM).
2 Rijtjes built between 1946-1964 (wood floors decreases during this period according to the report from 2007.
3  According to bibliography described in this chapter and building energy assessment reports from Novem (2001); VROM (2007) 
and Agentschap Nl (2011).
>>>
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ANNEX 6.84  Wood stock in the assessed housing group.



















1 2 3 4 5 6 7 8 9 10
Single family 1 
floor traditional
5,360 2,958 4,515 5,719 723 1,099 226 - - -
Single family 1 
floor traditional 2
- - 278 440 362 1,049 2,537 3,129 4,317 7,924
Single family 1fl 
gietbouw
- - 139 220 310 600 902 1,081 1,477 4,670
Single family 1fl 
houtskeletbouw
- - - - 103 200 282 341 511 1,132
Single family 1fl 
montagebouw
- - - - - - - - - -
Single family 2 
floors traditional
209,044 115,373 175,268 222,963 33,796 51,770 9,919 - - -
Single family 2fl 
traditional 2
- - 11,513 18,210 17,250 49,885 119,615 148,084 202,339 162,196
Single family 2fl 
gietbouw
- - 5,558 7,623 14,786 28,285 42,789 50,352 68,881 95,555
Single family 2fl 
houtskeletbouw
- - - - 4,401 8,228 12,642 14,868 24,265 23,862
Single family 2fl 
montagebouw
- - - - - - - - - -
Single family >2 
floors traditional
65,896 36,368 55,261 70,339 9,635 14,754 2,790 - - -
Single family >2 
fl traditional 2
- - 3,631 5,728 4,945 14,139 34,036 42,160 57,551 128,664
Single family >2 
fl gietbouw




- - - - 1,204 2,336 3,557 4,195 6,878 18,918
Single family >2 
fl montagebouw








1 Interview Rob Gort, Bouwcarroussel
>>>
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1 For Hofstra et al. (2006), a general house with no specification of construction year, the waste composition varies around 200-
250 tons of stony fraction, 10 tons of non stony fraction and 15 tons of wood. 
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m2 of wood in the floor structure. Finally, wood concentrations adopted for the reference house were 13kg/m2 for floor structure and 10kg/m2 for wood 
covering. For the roof, only pitched roof structure types are included according to the housing references with an average wood content of 22,6kg/m2, and 
the average wood estimated for window frames is 13,5kg/m2. No wood panels are included in the calculation such as multiplex, triplex.
1 Interview Jan van Eijken (Oude bouwmaterialen).




0.08% 1.65% 3.24% 1.66% 0.15%
1. Vrijstand 
<64
441000 2. rijtjes <45 523000 3. rijtjes 
46-64
478000 4. Twee o 








































upperfloors 121,540 97 130,541 2,154 86,996 2,819 71,136 1,181 63,226 95
floorcovering 93,492 75 100,416 1,657 66,920 2,168 54,720 908 48,635 73
roof/floor 
zolder
75,676 61 87,027 1,436 49,712 1,611 42,978 713 -
floorcovering 58,212 47 66,944 1,105 38,240 1,239 33,060 549 -
floor ground 126,126 101 135,980 2,244 86,996 2,819 78,546 1,304 40,192 60
floorcovering 97,020 78 104,600 1,726 66,920 2,168 60,420 1,003 30,917 46
pitched roof 321,489 257 305,955 5,048 202,194 6,551 207,765 3,449 151,533 227
flat roofs - 10,878 179 - - 7,410 123 - -
windows 67,394 54 64,674 1,067 59,884 1,940 32,935 547 24,774 37
TOTALS 960,948 769 1,007,015 16,616 657,862 21,315 588,970 9,777 359,277 539












657,266 525.81 625,508 10,320 413,374 13,393 424,764 7,051 309,800 464.70
Total: 1,643,166 1,563,770 1,033,436 1,061,910 774,502
>>>
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7,830,043 6,264 6,642,518 109,601 5,885,136 190,678.41 3,619,728 60,087 2,167,430 3,251
Totals 19,575,108 16,606,296 14,712,840 9,049,320 5,418,576
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ANNEX 6.85  Assessment for recoverable wood in pre-determined housing group.
RECOVERABLE MATERIAL FOR REUSE FOR HOUSING GROUP VRIJSTAAND <1964











Average 3 per house Private Social rental private rental





Floors 2 to 4
Demolition rate (per 
year)
1.18% Current stock Demolition rate 
per year
SURFACE Material per house 40% recoverable 441,000 units 1.18%
Floor (upper floors) 53 m2 [5] 689.0kg 275.6kg 121,540 metric ton 1,434.2 metric ton
floor covering 53 m2 [5] 530.0kg 212.0kg 93,492 metric ton 1,103.2 metric ton
Roof floor (zolder) 33 m2 [5] 429.0kg 171.6kg 75,676 metric ton 893.0 metric ton
floor covering 33 m2 [5] 330.0kg 132.0kg 58,212 metric ton 686.9 metric ton
Floor (ground floor) 55 m2 [5] 715.0kg 286.0kg 126,126 metric ton 1,488.3 metric ton
floor covering 55 m2 [5] 550.0kg 220.0kg 97,020 metric ton 1,144.8 metric ton
Pitched roof 81 m2 [5] 1,822.5kg 729.0kg 321,489 metric ton 3,793.6 metric ton











Windows 28.3m2 382.1kg 152.8kg 67,394 metric ton 795.2 metric ton
Doors (buiten) 2.9m2 59.1kg 23,3kg 10275300 kg
Doors (binnen) 10 pieces [5] 4 1764000
[1] Data based on 2011 report [2] report from 2001 [3] report from 2007 [4] Peit Bot
[5] Referentiewoningen bestaande bouw, 2001 Novem [6] Cijfers report 2013
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RECOVERABLE MATERIAL FOR REUSE FOR HOUSING GROUP RIJTJES < 1945











3 Private Social rental private rental
Number of house-
holds
3 Private Social rental private rental






2.75% Current stock Demolition rate 
per year
SURFACE Material per house 40% recoverable 523,000 units 2.75%
Floor (upper floors) 48 m2 [5] 624.0kg 249.6kg 130,541 metric ton 3,589.9 metric ton
floor covering 48m2 480.0kg 192.0kg 100,416 metric ton 2,761.4 metric ton
Roof floor (zolder) 32 m2 [5] 416.0kg 166.4kg 87,027 metric ton 2,393.2 metric ton
floor covering 32m2 320.0kg 128.0kg 66,944 metric ton 1,841.0 metric ton
Floor (ground floor) 50 m2 [5] 650.0kg 260.0kg 135,980 metric ton 3,739.5 metric ton
floor covering 50 m2 [5] 500.0kg 200.0kg 104,600 metric ton 2,876.5 metric ton
Pitched roof 65 m2 [5] 1,462.5kg 585.0kg 305,955 metric ton 8,413.8 metric ton
roof tiles 65m2 2,990.0kg 1,196.0kg 625,508 metric ton 17,201.5 metric ton










Windows 22.9m2 309.2kg 123.7kg 64,674 metric ton 1,778.5 metric ton
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ANNEX 6.85  Assessment for recoverable wood in pre-determined housing group.
RECOVERABLE MATERIAL FOR REUSE FOR HOUSING GROUP RIJTJES 1946-1964











2,8 Private Social rental private rental
Number of house-
holds
2,8 Private Social rental private rental








3.13% Current stock x Demolition rate 
per year
SURFACE Material per house 40% recoverable 478,000 units 3.13%
Floor (upper floors) 35 m2 [5] 455.0kg 182.0kg 86,996 metric ton 2,723.0 metric ton
floor covering 35m2 350.0kg 140.0kg 66,920 metric ton 2,094.6 metric ton
Roof floor (zolder) 20 m2 [5] 260.0kg 104.0kg 49,712 metric ton 1,556.0 metric ton
floor covering 20m2 200.0kg 80.0kg 38,240 metric ton 1,196.9 metric ton
Floor (ground floor) 35 m2 [5] 455.0kg 182.0kg 86,996 metric ton 2,723.0 metric ton
floor covering 35m2 350.0kg 140.0kg 66,920 metric ton 2,094.6 metric ton
Pitched roof 47 m2 [5] 1,057.5kg 423.0kg 202,194 metric 
ton
6,328.7 metric ton














Windows 23.2m2 313.2kg 125.3kg 59,884 metric ton 1,874.4 metric ton
Doors (buiten) 1.3m2 27.17kg 10.8kg 5194904 kg
Doors (binnen) 8 pieces [5] 3 1434000
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ANNEX 6.85  Assessment for recoverable wood in pre-determined housing group.
RECOVERABLE MATERIAL FOR REUSE FOR HOUSING GROUP TWEE ONDER EEN KAP VOOR <1964














3 Private Social rental private rental
Number of house-
holds
3 Private Social rental private rental





Floors 3 to 4
Demolition rate 
(per year)
1.50*% [6] Current stock Demolition rate 
per year
SURFACE Material per house 40% recoverable 285,000 units 2.50%
Floor (upper floors) 48 m2 [5] 624.0kg 249.6kg 71,136 metric ton 1,778.4 metric ton
floor covering 48m2 480.0kg 192.0kg 54,720 metric ton 1,368.0 metric ton
Roof floor (zolder) 29 m2 [5] 377.0kg 150.8kg 42,978 metric ton 1,074.5 metric ton
floor covering 29m2 290.0kg 116.0kg 33,060 metric ton 826.5 metric ton
Floor (ground floor) 53 m2 [5] 689.0kg 275.6kg 78,546 metric ton 1,963.7 metric ton
floor covering 53m2 530.0kg 212.0kg 60,420 metric ton 1,510.5 metric ton
Pitched roof 81 m2 [5] 1,822.5kg 729.0kg 207,765 metric 
ton
5,194.1 metric ton














Windows 21.4m2 288.9kg 115.6kg 32,935 metric ton 823.4 metric ton
Doors (buiten) 2.3m2 46.2kg 18.4kg 5267598 kg
Doors and frame 
(binnen)
10 pieces 4 1140000
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2,8 Private Social rental private rental
Number of house-
holds
Private Social rental private rental















53.8m2 699.4kg 279.8kg 63,226 tons 1,232.9 tons





34.2m2 444.6kg 177.8kg 40,192 tons 783.7 tons
floor covering 34.2m2 342.0kg 136.8kg 30,917 tons 602.9 tons
Pitched roof 
structure
74.5m2 1,676.3kg 670.5kg 151,533 tons 2,954.9 tons
roof tiles 74.5m2 3,427.0kg 1,370.8kg 309,801 tons 6,041.1 tons




74m2 23,976.0kg 9,590.4kg 2,167,430 tons 42,264.9 tons
cavity wall 
half brick(%)
Windows 20.3m2 274.1kg 109.6kg 24,774 tons 483.1 tons
Doors (buiten) 2.3m2 46.2kg 18.4kg 5267598 kg
Doors and frame 
(binnen)
8 pieces 3 678000
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ANNEX 6.85  Assessment for recoverable wood in pre-determined housing group.
SUMMARY OF WOOD STOCK AND RECOVERABLE PERCENTAGE FROM THE HOUSING GROUP REPRESENTED IN THE STUDY CASE.
1. Vrijstaand <64 2. Rijtjes <45 3. Rijtjes
46-64






960.948 mt 1.007.015 mt 657.862 mt 588.970 mt 359.277 mt
Total estimated 
wood
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ANNEX 6.86  Withdraw rates in the housing stock according to construction year and building type

































voor 1966 voor 1966 voor 1964






Twee o e Kap
voor 1966 voor 1966 voor 1964







voor 1966 voor 1966 voor 1964
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[1] Novem (2001). “Referentiewoningen bestaande bouw.” CE, Delft,The Netherlands.
[2] Stenternovem (2007). “Voorbeeldwoningen bestaande bouw 2007 “.Ministerie van Economische Zaken. Publicatie, (2KP-
WB0618).
[3] Agentschap, N. L. (2011)c. Voorbeeldwoningen 2011, Onderzoeksverantwoording. Energie en Klimaat, Sittard.
* red text indicate defective data
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ANNEX 6.87  Comparison of housing stock built before 1906 until 1970 from 1985 until 2012 (based on data from en 
Koninkrijksrelaties, Ministerie van Binnenlandse Zaken. “Cijfers over Wonen en Bouwen 2013.”1
1985 1990 1995 2000 2005 2010 2012
<1906 476038 464188 495353 461276 480110 502070 508640
1906-1930 687611 638259 619192 593069 617284 573794 581303
1931-1944 423145 406165 433434 395379 411523 430346 435977
1945-1959 793398 812330 804949 790759 754459 788967 726629
1960-1970 1216543 1218496 1176465 1186138 1165982 1147589 1162607
Total 3596735 3539438 3529393 3426621 3429358 3442766 3415156
* Brown cells indicate defective data
1  http://www. rijksoverheid.nl/onderwerpen/woningmarkt/documentenenpublicaties/rapporten/2013/04/11/cijfers-over-wonen-
en-bouwen-2013. html (2013).























-0.07% -0.60% -0.09% -0.31% -0.19% -0.07% -0.04% -0.02% -95.71%
* ABF Research - Systeem woningvoorraad_ Syswov












































1.806.093 146.103 1.400.000 956.700 160.000 128.000 211.000
S1:
49.015 tons
2,71% 33,54% 3,5% 5,12% 30,63% 38,29% 23,22%
S2:
6.433 tons
0,35% 4,4% 0,45% 0,6% 4% 5% 3%
S3:
8.935 tons
0,38% 4,7% 0,63% 0,93% 5,58% 6,98% 4,2%
TOC
 401 Chapter 6
ANNEX 6.90  Sawn wood in the Netherlands*






Domestic production 87362 58741 146103
Import 1388461 544055 1932516
Export 164285 107692 271977
Consumption 1310989 495104 1806093
* Probos
Coniferous 1.82m3 per Mt non coniferous 1.43m3 per Mt. Unit conversion in this stable has been based on the method published by 
UNECE, 2009. Forest Product Conversion Factors: Project Overview And Status. www.unece.org.
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